RADICAL REACTIONS OF ETHYL ORTHOFORMATE WITH 1-HEXENE

I. I. Khatuntsev, E. V. Pastushenko, UDC 542.91:541.515:547.291°262:
and A. B, Terent'ev 547.313.6

No reactions of orthoesters with unsaturated compounds have been reported. Homolytic
reactions of ethyl orthoformate in the presence of tert-butyl peroxide at 130-150°C have
been described. It was shown that the radicals formed undergo fragmentation to give diethyl
carbonate, ethyl formate, and acetaldehyde [1]:
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A study of the relative kinetics of this reaction showed that the reactivity of the
orthoester at the H—C(OR); bond was greater by an order of magnitude than the C-H bond in
CH,0 [2].

We here report a study of the radical addition of ethyl formate to l-hexene in the pres-
ence of tert-butyl peroxide (140°C), in which a variety of interesting features and behavior
of the intermediate radical-adducts was observed. Results were obtained which enabled the
relative rates of addition to l-hexene and fragmentation of the radicals C(0C.Hs)s and HCe
(OC,Hs) ;OCHCH; to be compared. The homolytic reaction of ethyl orthoformate with l-hexene
gave as the main product not the orthoester (II), but the carbonate CH;CH,O0C(0)OCH(CH;)CeH,s
(I) (route 2). 1In addition to (I), there were formed fragmentation products of the inter-
mediate radicals together with small amounts of a ketone which is assigned the structure
CeH,;3C(0)CyH;s (IT1I). The fragmentation products (diethyl carbonate and ethyl formate) were
identified by GLC by comparison with authentic samples. The structures of the preparatively
isolated adduct (I) and ketone (II) were confirmed by their **C NMR spectra (Table 1). The

TABLE 1. *'*C NMR Spectra of Reference Compounds and Compounds

Obtained
5 , ppm from TMS
Compound 1
G{0) | CH,0 | GHO CH, ] CH,
HC (OCH,CH,) o* 1146 | 583 | — | 139 -
HC(0) OCH,CH, * 161,0 | 59,4 — 13,6 -
C(0) (OCH.CH3), * 154,7 | 62,8 - 13,9 -
7 1 245 § 5 7
c&ummmmgmmmmmmmmT 154,0 | 624 | 73,7 12%8 3%@&335@L
CH, o 19,6(8) [25,1(4), 22,4(5)
52 1 1 92— 2040 | - - 13,8 48.1(1), 33,3,336,
CH,(CH,)CH,C(O)CH(CHL): CH; 29,6, 29,4, 31,7,
ain 28,7, 26,4, 22,7,
22.4(2-+6)
*Reference cpmpounds.
tnp® 1.4197, d2° 0.8859, MRfound = 58.4, MR 1o = 37-5.
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formation of adduct (I) is accounted for by a route involving rearrangement of the radical-
adduct A, with 1,5-migration of hydrogen and fragmentation of the isomerized radical-adduct
with elimination of the ethyl radical
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No orthoester of heptanoic acid was found in the reaction mixture, indicating that the frag-
mentation of the C(OCsz)s radical was much more rapid than its addition to l-hexene. We
have previously observed similar behavior in a study of the radical telomerization of ethyl-
ene with straight-chain acetals {3], in which it was found that the CH(OCHS)2 radical did not
react with ethylene to give the acetals of higher aldehydes, but fragmented completely to
give methyl formate., The rapid rearrangement of the radical-adduct A with 1,5-hydrogen
transfer, as shown by the absence of the orthoester (II) from the reaction products, perhaps
results from the ease of homolysis of the H—C(0C.Hs)s bond and also from the nature of the
six-membered transition state which incorporates an oxygen atom. The formation of the ke~
tone (III)with two unbranched hydrocarbon chains of differing lengths (*°C MMR data) suggests
that the reaction proceeds in part at a C-H bond of the methyl group

HC(OC3H,),0 CH,CH, -+ CHy=CHC,H, — HC(OCoH;);0CH,CHyCHCHG Hy

i 1,4-H

HC(0C,H;), 0CHCH,CH, 3 — C,H,CHO
C,H;;CHO . CH,=CHC,H; — C;H;,C(0)CH3 (TI1)

The proportion of the ketone (III) was no more than 1-67%7 of the total reaction products
(Table 2), i.e., this reaction pathway is not of great importance. Experiments carried out
under strictly controlled conditions over the range of ratics of l-hexene to orthoester 0.05-
0.5 enabled the ratio of the rate constants for the removal of hydrogen from C—H groups
(kcg) and CH,0 (kcH,) to be compared. This ratio describes the relative reactivities of
these groups (Table 2). The value found for this ratio (1.5) is close to the ratic of these
constants found in a study of the fragmentation of the orthoester in the presence of tert-
butyl peroxide {2]. In the orthoformate ester molecule, there are six C~H bonds in CH.C
groups per formyl C-H bond. Bearing in mind this statistical factor, the formyl C¥H bond
is an order of magnitude more reactive than the C—H bond in the alkoxy group. In these ex~
periments, we also determined the rate constant for the fragmentation (k¢) and addition (kg)
of the HC(OC,Hs),0CHCH; radical to l-hexene. It was found to be close to unity (0.8 mole/
liter). The amounts of diethyl carbonate formed in the experiments were sensibly constant,
and were not dependent on the hexene—orthoester ratio or the yield of adduct (I) (Table 2),
showing that the yield of diethyl carbonate is determined by the ratio kCH/kCH However,
as the proportion of the adduct (I) increased, the propertion of ethyl formate decreased,
although the sum of their yields remained approximately constant. These findings provide
support for the formation of adduct (I) by the route described above: During its formation,
as a result of secondary reactions of the diethyl carbomnate present in the reaction mixture
with l-hexene, any increase in the yield of the adduct should result in a substantizl reduc-~
tion in the proportion of ethyl carbonate:

RO
C(0) (OCsH;), —> C(0) (0C,H;) OCBCH,8
N DH
C(0) (0CH;) OCHCH; + CHy=CHC,H, —> C(0) (0CoH;)OCH(CHy)Cqllig )

The structure of adduct (I) was confirmed by the presence in its *3C NMR spectrum {Table 1)
of signals typical of the functional group **C(0)(OR);, and the *®CHO and '®CHsCH groups,
confirming the addition of l-hexene at the orthoester CH.C, and the presence of a signal for
the CH;'°CH,0 group shows that the carbonate molecule retains one of the two ethoxy groups.
The chemical shifts of the remaining signals, and the ratios of their intensities, are in ac-
cordance with the assignments made. The ketone (III) showed signals characteristic of the
*3C0 and '®CH,C(0)'®CH, groups, the latter being twice as intense.
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EXPERIMENTAL

'®C NMR spectra were obtained on a Bruker-Physik HX-90 spectrometer, operating frequen-
cy 22.635 Hz, internal standard CCl,, chemical shifts measured relative to TMS.

Preparative GLC was carried out on a PAKhV-0l apparatus, column 1200 x 9 mm with 15Y%
SKTFT-50 on Chromatone N~AW, and GLC analyses were carried out on an LKhM-8MD-5, column
3000 x 3 mm with 5% SKTFT on Chromatone N-AW, catharometer, helium.

Addition of Ethyl Orthoformate to l-Hexene. Preparative experiments were carried out
in sealed glass ampuls (30 ml) under nitrogen, with 18 g of the orthoester, 10 g of l-hexene,
and 2 g of tert-butyl peroxide. The reaction mixture was heated in an oil bath at 140°C for
2 h, the ampuls being rotated in metallic sleeves. Eight similar experiments were carried
out, and the products combined. Following removal of the starting materials by distillation,
there was obtained 18.1 g of mixed products. This mixture was fractionated to obtain nar-
row fractions of adduct (I) and ketone (III) (weights of fractions, 4.9 g), and the narrow
fractions were further purified by preparative GLC.

The kinetic experiments were carried out similarly, in 3-ml ampuls. The experimental
conditions and GLC analyses are shown in Table 2.

CONCLUSIONS

1. The homolytic addition of ethyl orthoformate to l-hexene is accompanied by frag-
mentation and isomerization of the intermediate radicals, as a result of which the adduct
ethyl 2-octyl carbonate is formed.

2. The formyl C-H bond in ethyl orthoformate is approximately an order of magnitude
more reactive than the a~C—H bond of the ethoxy group.
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